A rod-to coccus-shaped, non-spore-forming actinobacterium, strain YIM M13091 T , was isolated from a marine sediment sample collected from the South China Sea and examined by a polyphasic approach to clarify its taxonomic position. This Gram-staining-positive, aerobic actinobacterium did not produce substrate mycelium and aerial hyphae, and no diffusible pigments were produced on the media tested. The optimum growth occurred at 30 6C, 1 % (w/v) NaCl and pH 8.0. Phylogenetic analysis based on 16S rRNA gene sequences showed that the isolate belongs to the genus Nocardioides, with low levels (¡96.2 %) of sequence similarity with respect to Nocardioides kribbensis KSL-2 T and other members of the genus Nocardioides.
, was isolated from a marine sediment sample collected from the South China Sea and examined by a polyphasic approach to clarify its taxonomic position. This Gram-staining-positive, aerobic actinobacterium did not produce substrate mycelium and aerial hyphae, and no diffusible pigments were produced on the media tested. The optimum growth occurred at 30 6C, 1 % (w/v) NaCl and pH 8.0. Phylogenetic analysis based on 16S rRNA gene sequences showed that the isolate belongs to the genus Nocardioides, with low levels (¡96.2 %) of sequence similarity with respect to Nocardioides kribbensis KSL-2 T and other members of the genus Nocardioides.
Whole-organism hydrolysates of the strain contained LL-2,6-diaminopimelic acid as the diagnostic diamino acid. The predominant menaquinone was MK-8(H 4 ), with MK-8 in a minor amount. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, hydroxyphosphatidylinositol and phosphatidylcholine, were the main polar lipids detected, while iso-C 16 : 0 and C 18 : 1 v9c were the major fatty acids. The G+C content of the genomic DNA was 68.5 mol%. Based on phylogenetic analysis, phenotypic and genotypic data, it is concluded that the isolate represents a member of the genus Nocardioides, and the name Nocardioides nanhaiensis sp. The genus Nocardioides is the type genus of the family Nocardioidaceae and was first described by Prauser (1976) with the type species Nocardioides albus and followed by the second species Nocardioides luteus (Prauser, 1984) . Abundantly branched vegetative hyphae or irregular rods may be formed in young cultures of some species and a morphogenetic cycle is usually observable, with different organisms showing more or less complex succession of morphological stages (Evtushenko et al., 2012) . Analysis based on the 16S rRNA gene sequence shows that the species currently comprising this genus form a phylogenetic radiation clearly separated from the other genera of the family Nocardioidaceae, except for the genus Marmoricola (Evtushenko et al., 2012 and may be associated with plants, animals and humans (Evtushenko et al., 2012) . To investigate actinobacterial diversity of marine sediments, strain YIM M13091 T was isolated from a sample collected from the South China Sea (16 u 3.5769 N 109 u 53.1719 E,) at a depth of 880 m and subjected to polyphasic taxonomic analysis.
Strain YIM M13091
T was isolated by using the serial dilution technique. The sample (1 g) was added to 9 ml sterile distilled water and mixed by vortexing. A 10-fold dilution of this suspension was prepared in sterilized distilled water and 0.1 ml was spread on DSMZ 621 medium (http://www. dsmz.de/?id=441). It contained (l Gram staining was carried out by using the standard method and motility was tested by the hanging-drop technique (Skerman, 1967 ) using a light microscope (BH2; Olympus). Microscopic observation of strain YIM M13091 T grown on TSA medium for 7 and 14 days at 28 u C was performed by light microscopy (BH 2; Olympus) and scanning electron microscopy (Quanta 200; FEI). Cells negatively stained with 2 % uranyl acetate were used for the detection of the presence of flagella using a JEM-2100 transmission electron microscope (JEOL) (Vreeland et al., 1980) . Growth at different temperatures (5, 10, 15, 20, 28, 30, 37, 40, 45 and 50 u C), various NaCl concentrations (0-10 %, at intervals of 1.0 %, w/v) and different pH values (pH 4.0-10.0, at intervals of 1.0 pH unit, using the buffer system described by Xu et al., 2005) was tested with TSA or the liquid medium tryptic soy broth (TSB) as basal medium for 14 days. Anaerobic cultivation was performed on TSA medium using the Whitley A35 anaerobic workstation (Don Whitley Scientific). Carbon source utilization was tested using GEN III microplates from the Microlog system (Biolog) according to the manufacturer's instructions. Catalase activity was detected by the production of bubbles after the addition of a drop of 3 % (v/v) H 2 O 2 . Other physiological and biochemical tests were performed by using the API ZYM and API 20E strips (bioMérieux) according to the manufacturer's instructions.
Genomic DNAs were extracted from the isolate as described previously by Li et al. (2007) . The G+C content of chromosomal DNA prepared by the method of Marmur (1961) was determined as described by Mesbah et al. (1989) . The 16S rRNA gene sequence obtained in this study was compared with sequences from EzBioCloud using BLAST (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . To clarify the phylogenetic position of the isolates within the related taxa, a phylogenetic tree using 16S rRNA gene sequence was reconstructed. The gene sequence was aligned with corresponding sequences (retrieved from the GenBank/EMBL/DDBJ database) using CLUSTAL X1.83 (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) tree-making algorithms using the software package MEGA version 5.0 (Tamura et al., 2011) . The topologies of the resultant trees were evaluated by using the bootstrap method of Felsenstein (1985) with 1000 replicates.
The biomass used for analyses of cellular fatty acids, was obtained from cultures grown in TSA (Difco) at 28 uC for 7 days, while that for the tests of other chemotaxonomic characteristics was grown for 14 days. Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the method of Sasser (1990) and the manufacturer's instructions. Fatty acid methyl esters were then analysed by GC (7890A GC System, Agilent Technologies) by using the Microbial Identification software package (Sherlock Version 6.1; MIDI database TSBA6). The diaminopimelic acid (DAP) isomer was identified by using TLC as described by Staneck & Roberts (1974) . Menaquinones were extracted (Collins et al., 1977) and detected by HPLC (Tamaoka et al., 1983) . Polar lipids were determined according to published procedures (Minnikin et al., 1979; Collins & Jones, 1980 ). An almost complete 16S rRNA gene sequence (1521 bp) was generated from isolate YIM M13091
T , which showed low 16S rRNA gene sequence similarities (¡96.2 %) to those of Nocardioides kribbensis (Yoon et al., 2005) and other members of the genus Nocardioides. Comparative 16S rRNA gene sequence analysis showed that the strain was phylogenetically located in the genus Nocardioides according to all three tree-making methods. However, its closest neighbours varied with changes in the sequence elements used to reconstruct the trees. Finally, a sequence combination was made up, including all the species of the genus Nocardioides, all the type species of genera in the family Nocardioidaceae and several representatives of the family Propionibacteriaceae, and its closest neighbour was ascertained to be Nocardioides bigeumensis MSL-19 T (Dastager et al., 2008) in all three trees ( Fig. 1; Figs S1 and Fig. S2 , available in the online Supplementary Material). However, the bootstrap values were all very low (,25 %). Thus, the phylogenetic location of the novel isolate YIM M13091 T was independent of previously known species of the genus Nocardioides.
T grew well, and round, light yellow colonies with wet, smooth surfaces were formed stably on TSA medium. No diffusible pigment was observed. Investigations of 7-and 14 day-old cultures of strain YIM M13091
T revealed that a morphogenetic cycle from rods (7 days) to cocci (14 days) may exist, neither substrate nor aerial mycelia were formed and the cells were Gram-stainpositive and motile, but no flagellum was observed (Fig. S3) . The isolate could grow at pH 6.0-9.0, 0-4 % (w/v) NaCl and temperatures of 5-37 u C. The optimum growth occurred at 30 u C, 1 % (w/v) NaCl and pH 8.0. More detailed physiological characteristics are described in Table 1 and the species description.
T contained LL-DAP as the cell wall diamino acid. The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, hydroxyphosphatidylinositol, phosphatidylcholine and several unknown phospholipids and unknown polar lipids (Fig. S4 ). MK-8(H 4 ) (87.2 %) was the predominant menaquinone and MK-8 (12.8 %) was present in a minor amount. The major fatty acids were iso-C 16 : 0 (29.4 %) and C 18 : 1 v9c (21.1 %) ( Table S1 ). The genomic DNA G+C content of the strain was 68.5 mol%. These chemotaxonomic characteristics are all consistent with those of the members of the genus Nocardioides.
On the basis of phenotypic, chemotaxonomic and phylogenetic analysis, strain YIM M13091
T exhibited markers typical of the members of genus Nocardioides. Characteristics summarized in Table 1 and the low 16S rRNA gene sequence similarities (¡96.2 %) with those of members of the genus Nocardioides strongly support the hypothesis that the isolate YIM M13091
T is representative of a novel species of the genus Nocardioides, for which the name Nocardioides nanhaiensis is proposed.
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Genus
Nocardioides (& Marmoricola)
Aeromicrobium erythreum NRRLB-3381 T (AF005021)
Hongia koreensis LM 161 T (Y09159)
Kribbella alba YIM 31075 T (Y082062)
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Family Nocardioidaceae
Mariniluteicoccus flavus YIM M13146 T (KF564278)
Brooklawnia cerclae strain BL-34 T (DQ196625) Bootstrap values (expressed as percentages of 1000 replications) of above 50 % are shown at the branch points. Each cluster contains species consistent with those in the clusters in the maximum-likelihood and maximum-parsimony trees. The genus Marmoricola is included in Cluster 7. Other genera of the family Nocardioidaceae and Bifidobacterium bifidum KCTC 3202 T were used as outgroups. Asterisks denote nodes that were also recovered using the maximum-likelihood and maximumparsimony methods. Bar, 0.02 % sequence divergence.
Propionibacterium freudenreichii ATCC 6207 T (X53217)
Family
D.-F. Zhang and others
Description of Nocardioides nanhaiensis sp. nov.
Nocardioides nanhaiensis [nan.hai.en9sis. N. L. fem. adj. nanhaiensis pertaining to Nanhai (South China Sea), where the type strain was isolated].
Gram-stain-positive, aerobic and motile cells. Round, light yellow colonies with wet, smooth surfaces are formed on TSA medium with no diffusible pigment. The morphogenetic cycle from rod to cocci may exist and neither substrate nor aerial mycelia is formed. Growth occurs at pH 6.0-9.0, 0-4 % (w/v) NaCl and 5-37 uC with the optimum conditions of 30 u C, 1 % (w/v) NaCl and pH 8.0. Production of catalase is positive while hydrolysis of starch is negative. Positive reactions from API ZYM system are obtained for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase while reactions for lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-galactosidase, N-acetyl-b-glucosaminidase, b-glucosidase, a-mannosidase and a-fucosidase were negative. Positive reactions from the API 20E system are citrate utilization, Voges-Proskauer tests and nitrate reductase (N 2 ), while reactions for b-galactosidase, gelatin hydrolysis, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, H 2 S production, tryptophan deaminase, urease, indole production, oxidase and fermentation under anaerobic conditions are negative. Positive reactions from the GEN III system for utilization of dextrin, maltose, cellobiose, sucrose, D-salicin, a-D-glucose, D-fructose, glycerol, D-lactic acid methyl ester, L-lactic acid, a-ketoglutaric acid, acetoacetic acid, acetic acid, methyl pyruvate, D-malic acid, Lmalic acid, bromosuccinic acid, Tween 40 and b-hydroxy-DL-butyric acid and tolerances to pH 6, 1 % NaCl, 4 % NaCl, nalidixic acid, lithium chloride, D-mannitol, pectin, aztreonam and sodium bromate. Negative reactions from the GEN III system are observed for utilization of gentiobiose, turanose, methyl b-D-glucoside, N-acetyl-D-glucosamine, Dastager et al., 2008) . All taxa were negative for H 2 S production, urease, gelatin hydrolysis, oxidase, trypsin, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase and a-fucosidase and positive for alkaline phosphatase, esterase (C4) and esterase lipase (C8). Taxa 1 and 2 were negative for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, indole production, fermentation under anaerobic conditions, lipase (C14) and a-mannosidase and positive for reactions of leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase. +, Positive; 2, negative; ND, no data available. Yoon et al. (2005) .
Nocardioides nanhaiensis sp. nov. T ) was isolated from a sediment sample collected from the South China Sea (16 u 3.5769 N 109 u 53.1719 E) at a depth of 880 m. The genomic DNA G+C content of the type strain is 68.5 mol%.
